In recent times a dramatically decreasing tendency in female participation in Computer Science has been documented around the world. When this occurs, it creates a series of problems that must be addressed. For the case of the undergraduate and graduate programs in Computer Science and Informatics at the Universidad de Costa Rica, we present evidence that (a) women are under-represented at both the undergraduate and graduate levels, and (b) the relative frequency of women in the undergraduate (but not graduate!) levels is effectively decreasing, and (c) women are more efficient at both graduating and getting admitted to graduate programs. Based on the available data, we confirm that the differences are not because of some inherent female deficiency but due to gender issues.
Introduction
Currently far less women than men are graduating from the undergraduate and graduate programs at the Escuela de Ciencias de la Computación e Informática (ECCI) (School of Computer Science and Informatics) from the Universidad de Costa Rica (UCR). As a consequence of this reality, a group of professors asked ourselves a series of questions. As a result of the present investigation, we have been able to answer some of those questios. Others are considered in [18] , and some of them still remain:
 Is this a recent phenomenon or has it been happening for a long time?  Are women less effective than men to graduate, that is, maybe many women start but we lose them along the way?  Are young women reluctant to study Computer Science, and therefore we have fewer female candidates?  Is the small number of women graduating from the undergraduate program affecting their decision to start graduate studies?  What image do young people from both sexes about how is the Computer Science career and how is the workplace? Does this image affect their career choice?  Do undergradute students and graduate students have the same opinions regarding their work perspectivesHow does the opinion about their work perspectives change between undergarduate and graduate students, many of which are already working?  Is there a difference in perception among students regarding their competence to enroll in a Computer Science program?  Is there any discrimination against women in computer-related fields, both during their studies as in the workplace? What effect could this discrimination have in the decision to study Computer Science?  Are there gender differences in hiring expectations and expected benefits? Would this affect career choices?
We consider that diversity, among students and professors, is important in any universitary program. In the case of a more balanced gender participation in the Computer and Information field, we state that it is critical given that:
(1) This is a growing, unsaturated field with good salaries and professional prestige, and we wished that more women had access to it. (2) The industry has complained in several occasions about the lack of CS professionals [13, 19] , so by losing female candidates, we are losing a significant percentage of the prospective workforce. (3) Women bring different perspectives that enhance the field [2, 13] . (4) It is desirable to avoid populations so minoritary that the norm of behavior becomes defined strictly by the majority [12] .
We believe that the smaller participation of women in computer-related fields, and other technical and scientifical fields, is due to social, not biological factors. That is, we believe in a difference by gender, not by sex. In this artictle we will understand the term sex as the biological difference, and gender as a sociocultural categorization that implies social, educational, economical, political and occupational differences
We use Computer and Informatics (CI) to refer to all career and profession associated do develop and use efficiently computer technology, be it Information Systems, Information Technology, and so on. In this paper we will focus on the Bachelor Program in CI at the UCR, the ECCI (defined above). The UCR is the largest and most prestigious university in Costa Rica. The ECCI was founded in 1981 and currently graduates about one third of the CI professionals from public universities. Public Univerity graduates are coveted by the industry and there is practically no unemployment among our graduates (data provided by CAMTIC, the Costa-Rican association of IT industries, and yearly post-graduation interviews at ECCI).
The study plan for the Bachelor degree at ECCI incorporates aspects from Computer Science, according to the ACM curriculum [1] , as well as topics from Information Technologies (IT), like design and analysis of systems, software engineering, telecommunications engineering, and the impact of automatization in society.
The graduate program (Masters) in Computer and Informatics at the UCR was created as a continuation of the Bachelor program described before, and it is one of the most prestigious in the country. The program has two modalities: professional and academic. Most of the students (over 85%) choose to follow the professional modality. The difference between both is that the students in the academc modality have to write and defend a thesis. The study program for the professional modality is composed of ten elective courses with their respective laboratories. Students have total freedom in choosing the courses among an offer of about 50 (although not all are available in any given semester). The population is relativeley homogeneous, with 80% of students coming from the Bachelors at ECCI, 15% coming from the undergraduate program in Computer Science (CS) at the Instituto Tecnológico de Costa Rica (ITCR), a program very similar to ours, and the remaining 5% come from other programs in CS or similar areas.
In this article we are going to review the status of the participation of the students, male and female, in the ECCI, both at the undergraduate as the graduate levels.
Related Work
For many years now many researchers, specially in the West, have studied and reported on the low female participation in computer-related fields in universities in several countries. [15] . Curiously Gharibyan and Gunsaulus (2006) [11] claim that in the Armenian Republic, one of the countries of the old Soviet Union, this phenomenon does not exist. However, they add that in the last years the proportion of females is decreasing as men displace them as they start finding this area more appealing.
Even though there is a low female participation in CI programs, the situation turns out to be even more critical: there have been reports of decreasing participation in the last years, for example in Australia (Lewis, McKay, and Lang (2006) [17] ), and the U.S.A. ( Camp, (1997) [4] ). This phenomenon has been called "shrinking pipeline". A similar phenomenon was reported in Costa Rica (Chavarría (1990) [6] ).
The difference in male and female participation in CI is not only present within the academic world. The industry has detected significant differences in their workforce composition as well. A survey was carried out in 97companies in the IT sector as part of the Support Program for the Competitiveness of Software Development Sector in Costa Rica [19] ; as a result a drastic imbalance in the composition by sex of the workforce at the professional level was reported. In large and medium companies, 82.3% of the employees are male, in small companies a 86.3%, and in micro-enterprises a 92.6% [19] . In multiple industry-academy coordination meetings, the Chamber of Software Producers, CAPROSOFT, now called CAMTIC, has made public its concern about this situation. They see this inbalance as a threat, and at the same time as challenge to increase the human resources in the sector if it were possible to identify and solve the factors that inhibit women from entering CI programs.
Female Participation in the Bachelors Program at the Escuela de Ciencias de la Computación e Informática
In this section we study the relative participation of male and female students through time in the ECCI at the undergraduate level.
As professors in the Program, we have always had the impression that the number of male students in our classes represent a crushing majority. However, we decided to carry on a detailed study to determine how small is the number of female students graduating from the program, and to determine if we also have a shrinking pipeline. In Figure 1 we can appreciate how the number of female graduates is relatively stable, while the number of male graduates is getting larger with an increasing rate throughout the years. As it can be seen in Figure 1 , the total number of graduates has increased, but the number of women has kept stable and low. A possible explanation, quite worrying actually, was that women starting the program were not graduating in the same proportion as the men, that is, we were loosing them on the way. Were this true, it might be due to women losing interest in a larger proportion than men, or because they were failing courses.
To test this hypothesis, we checked the sex distribution of students entering the program. In Figure 2 , it can be clearly seen that the percentage of women entering is low. In the last 15 years, women accounted for just a 20.9% of the incoming students compared to a 79,1% of male students. Besides, their relative number has decreased from 30.4% in 1981 to 16.7% in 2007. Notice the decreasing trend marked by the red line over Figure 2 . The trend in decreasing admissions for women is fortunately not reflected as drastically at graduation, as it can be observed in Figure 3 . It is interesting to point out that from the graduates of the last 15 years, a 70.8% have been men, and 29.2% women, but at admission, just 20.9% were female. This is an early indication that women are not being inefficient at graduating. We pursued this issue further. Figures 4 and 5 are used to compare the percentage of graduates by sex according its cohort. To build these figures, the relative population of admitted men and women is compared with the relative population of graduates after four years (in Figure 4 ) and five years (in Figure 5 ). Both possibilities are presented because even if the study plan stipulates a duration of four years, many of our students take five or more years to graduate. From figures 5 and 6 we can see clearly that we were wrong about the hypothesis that women are less efficient at graduating. Actually, we end up having the opposite phenomenon of what we had initially: in the case of men, the percentage of graduates tends to be lower than the percentage of admitted students; whereas for women, the percentage of graduates tends to be much higher than the percentage of admissions. It would be interesting to see if there are other studies that show similar findings.
Presence of women at the Masters Program at ECCI
We were also interested in investigating what was happening to women in the graduate program offered by the ECCI, the Masters in Computer and Information. There are few studies about women in CI graduate programs, except maybe in the U.S.A., as reported by Cohoon (2007) [8] .
We investigated the participation of women in the professional modality, at the Central Campus of UCR. We decided not to report results for the program in other campuses, nor the academic modality because the number of students in them is too small to detect any patterns.
The analysis for the Masters Program included not only the students that were admitted and who graduated, but it was widened to include the requests for admission as well. It was not possible to do the same for the undergraduate program because the Office of the Registrar does not store complete information about requests for admisión, which made the determination of percentages by sex impossible. This is alarming because it is known that when data is not stored segregated by sex, the gender problematic is made invisible. Chavarría (1997) [5] reviews data for four years when this data was known, and concludes that the participation difference for women cannot be explained as a consequence of the admission process, but by the low number of women that request admission.
From the admitted population in the last 7 years, a 76.6% has been male and a 23.4% female (slightly better than the historical 20.9% admission percentage at the undergraduate program). It must be pointed out that women are a minority of the population that can request admittance to the program, given that they must have at least a Bachelor degree in CI or a related program to begin with. However, in Figure 6 , examining the vertical distance between the requesting and admitted populations, an interesting phenomenon can be seen: women are more effective than men at the admission process (a larger percentage of women than men is admitted relative to the requests). In terms of the relative participation of males and females in the admission process, it can be seen in Figure  7 that there is no shrinking pipeline in the graduate program. This is a disconcerting phenomenon, given that the majority of its students come from the CI Bachelors program in which the shrinking is happening (see Figure 3 ). A partial explanation for this situation can be found in Figure 8 , where it is shown that the rates of admitted to requesting women are larger than the same rates for men, that is, women are more successful at gaining entrance to the Masters Program. The percentage of graduating men and women in the Masters Program is shown in Figure 9 . When reviewing how successful were the women in the Program in terms of graduation, we found that, contrary to what happens in the undergraduate program, the overall percentage of graduating with respect to admitted women is lower (23% graduating vs 25% admitted). The difference is not statistically significant however. Once admitted, it seems that desertion and outright failure for graduate students is relatively balanced among males and females. After studying the female and male populations in the undergaduate and graduate programs at ECCI, it seems that women do not have further difficulties to be successful in our field and even have a slightly better performance than men. In the undergraduate program , typically there is at least one woman among the three best grade point averages (1 out of 3 against a 1 to 5 proportion in the admission population). In the graduate program, women graduate slightly faster in average, and with a slightly higher grade average (the difference is not statistically significant, however.)
Conclusions
This study confirms the difference in participation of women both in the undergraduate and the graduate programs in CI at the UCR. The admission of women to the undergraduate program at ECCI shows a decreasing trend in participation. This phenomenon is not present in the graduate program, where themale to female rate varies very little.
This research shows that women, in relation to the source population, request admission to the Masters Program in a larger proportion. Even more, the rate of admitted to requesting women is larger than that of men, which shows that they are more efficient in the admission process.
Women are more effective graduating from the Bachelors Program and as effective as men at the Masters level. In the undergraduate program the proportion of women graduating is much larger than the proportion of women admitted.
We show that the difference in the number of women graduating at the Bachelor and Masters Programs at ECCI does not result from any difficulties in finishing the course of studies, either by desertion or course failure. The difference is generated by the low number of women that are admitted. In the case of the graduate program, the main reason of the difference is the small size of the elegible population (women that graduated from the undergraduate program). We recommend that the factors that lead to the small number of women applying to the undergraduate program should be investigated further.
Additionally, the effectiveness of women at graduating confirms that there is not an inherently female deficiency to be successful at CI programs, that it is a gender issue.
Neither us nor the researchers in other countries believe that there is a single strategy to solve the problem; however, we are sure that informing and making this phenomenon public is the first step to look for solutions.
